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Abstract . — Phyllobothrium delphini (Bose, 1802) was recovered from 25 marine 
mammals representing 12 species in two orders from four geographical localities. 
Five new cyst morphotypes are described. Comparison of mean measurements of 
each morphotype with the others suggests that P. delphini may represent more 
than one species. New host records for/ 5 , delphini are reported for Titrsiops gilli 
Dali, Pontoporia blainvillei Gervais, and Lagenodelphis hosei Fraser. An apical 
sucker is noted for the first time on Monorygma gritnaldii. 
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Since its discovery in the early 1800's, large numbers of a larval cestode have 
been recovered from the blubber of numerous marine mammals throughout the 
world. First described by Bose (1802) under the name of Hydatis delphini , this 
worm has since been the subject of many publications. 

It has generally been accepted that there are at least two kinds of phyllobothriid 
cysts found in marine mammals, namely Phyllobothrium delphini (Bose, 1802) 
from the blubber, and Monorygma grimaldii (Moniez, 1889) from the mesenteries 
of the body cavity. Baer (1932) recognized two groups of phyllobothriid larvae in 
marine mammals which he named “delphinii" and “grimaldii." Scolices of the 
"delphinii" group were at the ends of short (12-15 mm) invaginations while those 
of the “grimaldii" group were at the ends of long (12-100 cm) filament-like invagi- 
nations. Baylis (1932) listed five species of Phyllobothrium larvae with a total of 
ten synonyms, three species of Monorygma with seven synonyms, and Scot ex 
delphini Stossich 1898 from cetaceans. Literature reviews have been published by 
Dollfus (1964a) and Guiart (1935). 

In his discussion of P. delphini , Guiart (1935) described four cyst types, em- 
phasizing that he w'as not trying to determine whether the larvae were different 
stages of the same species or different species of worms. Delyamure (1955) ac- 
cepted Guiarf s types and described two additional ones. 

There still remains some confusion as to the relationship of M. grimaldii to P. 
delphini. Williams (1968) discussed the former under the name of P. chamissonii 
(Linton, 1905). 

The present study was conducted to determine the systematic position of M. 
grimaldii in relation to P. delphini and to compare the morphology of the latter 
according to morphotype, different host individuals, and different host species 
from four geographical locations. The possibility of the existence of more than one 
cosmopolitan species was also examined. 
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Table 1. Zoogeography of Phyllobothrium delphini morphotypes. Parentheses indicate number 
of host individuals examined. 






Types 





Total larvae 
examined 
per locality 

1 2 3 

4 

5 

6 

7 

8 9 

10 

11 

Southern California 










Delphinus delphis (8) 

1 

14 



4 

1 


4 


Lagenorhynchus obliquidens (4) 

1 1 

10 

2 


I 

1 




Lissodelphis borealis (4) 


8 



4 


2 



Phocoenoides dalli dalli (1) 


2 








Tursiops gilli (1) 





1 



1 


No. of each type examined 

1 2 

34 

2 


10 

1 1 

2 

5 

58 

Africa 










Arctocephalus pusillus (1) 







2 



Lagenodelphis hosei (1) 

1 

1 

4 



1 




Lagenorhynchus obscurus (I) 






2 




Stenella graffmani (1) 

_L 


2 







No. of each type examined 

i l 

1 

6 



1 2 

2 


14 

Florida 










Kogia breviceps (1) 

2 

1 





1 

1 


Stenella caeruleoalba (1) 


2 



J_ 





No. of each type examined 

2 

3 



1 


1 

1 

8 

Hawaii 










Stenella longirostris (1) 










No. of each type examined 






1 




Total number examined 

- 2 5 

38 

8 

- 

11 

3 3 

5 

6 

81 


Materials and Methods 

Phyllobothrium delphini cysts were obtained from 25 host individuals, repre- 
senting 12 species of marine mammals in two orders from four geographical lo- 
calities (Table 1). Host taxonomy follows that of Rice and Scheffer (1968). 

With the exception of one sample collected by the junior author, all southern 
California samples were collected by Mr. William Walker while Curator at 
Marineland of the Pacific. Of these, three were from captured animals that died in 
captivity; the remainder from beach strandings. Cysts were received fixed in situ 
in 10% formalin or alive in the blubber. Live larvae were excised and fixed in AFA 
or Bouin’s solution. 

Hawaiian, Floridian and African samples were fixed in situ or free from the 
blubber in formalin. A single larva from Pontoporia blainvillei from South 
America was dehydrated upon arrival and unsuitable for further examination. 

Cysts from Kogia breviceps and Arctocephalus pusillus were sectioned at 15 
m/z, those from remaining hosts at 25 m^i. All were stained in Delafield’s 
hematoxylin and counterstained in eosin. 

Gross measurements of length and width of longitudinal sections of bladder 
were made with a centimeter ruler, all others by ocular micrometer. All mea- 
surements are in millimeters unless otherwise stated. Measurements considered 


NEW MORPHOTYPES OF TETRAPHYLLID CESTODES 


101 


Table 2. Measurements of previously described morphotypes of Phyflobothrium delphini. 




Type 


Character 

2 

3 

4 

5 

Bladder 

Long 

2.S43.5 (3. i) 

5. 4-9.0 (7.5) 

3. 5-9. 5 (6.3) 

4. 0-6.5 (5.0) 

Wide 

1.5-1. 7 (1.6) 

4. 0-4. 5 (4.1) 

2. 0-6. 5 (3.4) 

2. 5-6.0 (4.0) 

Wall Thick 

0.102-0.326 (0.214) 

0.468-0.958 (0.705) 

0.048-1.428 (0.827) 

0.286-0.652 (0.471) 

Neck 

Long 

1.26-1.43 (1.35) 

3.77-7.75 (6.09) 

2.86-8.16 (4.72) 

2.14-3.98 (2.93) 

Wide 

— 

0.550-0.958 (0.802) 

0.714-1.530 (1.077) 

0.673-1.530 (1.151) 

Ratio Bladder 

L to Neck L 

1 .9-2.7 (2.3) 

— 

1.01-1.80 (1.35) 

1.26-2.12 (1.59) 

Scolex 

Long 

0.714-0.913 (0.814) 

0.714-1.124 (0.898) 

0.612-1.326 (1.032) 

0.612-1.122 (0.887) 

Wide 

0.469-0.673 (0.571) 

0.918-1.183 (1.122) 

0.685-1.570 (1.172) 

0.673-1.040 (0.856) 

Acc. Sucker 

Diameter 

0.113-0.162 (0.133) 

0.162-0.218 (0.190) 

0.145-0.284 (0.196) 

0.145-0.218(0.181) 

Apical Sucker 

Long 

0.046-0.065 (0.056) 

0.051-0.085 (0.065) 

0.036-0.091 (0.059) 

0.055-0.081 (0.066) 

Wide 

0.046-0.065 (0.056) 

0.040-0.091 (0.069) 

0.042-0.111 (0.070) 

0.051-0.087 (0.066) 

Ex. Tubules 

Diameter 

0.014-0.038 

— 

— 

0.010-0.063 

No. Examined 

2 

5 

38 

8 


include length and width of bladder (as measured from the ouler surface), thick- 
ness of bladder wall, length and width of neck and scolex, diameter of accessory 
suckers, length and width of apical sucker, and diameter of excretory tubules 
within the bladder wall. 

Eighty-one larvae w'ere sectioned and measured. Numbers of larvae examined 
from each host species and locality are listed in Table 1. 

For comparison, several scolices of Monorygma grimaldii were embedded in 
paraffin, sectioned at 15 m^t, stained in Delafield's hematoxylin and coun- 
terstained in eosin. Other scolices were teased out of the invaginated neck, 
stained in acetocarmine, and mounted in piccolyte. 

Results 

All scolices of larvae recovered from the blubber were typical for/ 5 , delphini , 
being composed of four ruffled bothridia each bearing an anterior accessory 
sucker. A fifth (apical) sucker was present on the myzorhynchus. During this 
study, four of the six existing cyst morphotypes were encountered (Figs. la-0. As 
previous descriptions are incomplete, their measurements (taken from this study) 
are given in Table 2. Five new types were also found (Figs. lg-k). Their mea- 
surements are given in Table 3. 

Remarks . — There were similarities observed between two of the existing mor- 
photypes as listed by Guiart (1935) and Delyamure (1955) and four of those found 
during this study. Type 7 (Fig. lg) is similar to their Type 4 (Fig. Id), in that the in- 


Table 3. Measurements of previously undescribed morphotypes of Phyllobothrium delphini . 
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Fig. I. Morphotypes of Phyllobothrium delphini: a-c, morpholypes 1-3 (Guiart, 1933); d, mor- 
pholype 4 (Baer, 1932); e-f, morphotypes 5-6 (Delyamure. 1955); g-k. morphotypes 7-1 1 (original). 
Ac, accessory sucker; Ap, apical sucker; B, bothridium; Eb, excretory tubules of bladder wall; N, 
invaginated neck; W, bladder wall. (No size scales available for Figs, la-d.) 


vaginated neck and scolex are in contact with the bladder wall. However, it differs 
from Type 4 (as figured by Baer [1932] and described by Guiart 1 19351) in ratio of 
bladder length to neck length (greater than one in Type 4). Type 8 (Fig. Ih) differs 
from the previously described Type 3 (Fig. Ic) in its thickness at the point of in- 
vagination. Types 9 and 10 (Figs, li and Ij), also similar to Type 3 (Fig. Ic). vary 
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Fig. 2. Relationships of mean measurements for diameter of accessory sucker, length of scolex, 
length of neck, and width of bladder for each morphotype. 
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Fig. 3. Comparison of mean diameter of accessory sucker against length of bladder of morpholype 
10 by host individual. Ap = Arciocephalus pusillus\ Kb = Kogia breviceps\ Lb 1 and 2 = Lissodel- 
phis borealis 1 and 2. 


in neck length-bladder length ratio (neck longer than bladder in Type 9 and reaching 
only to near center of bladder in Type 10). 

No cysts of Types 1 or 6 were seen during this study. Delyamure (1955) de- 
scribed Type 6 as having accessory suckers at the "‘bottom” of the bothridia. The 
accessory suckers of all larvae examined were situated anteriorly. 

New host records are noted for Tursiops gilli from southern California, Pon- 
toporia blainvillei from South America, and Lagenodelphis hosei from Africa. 

Scolices of M. grimaldii were typical for that genus. The bothridia were sessile 
and oval with smooth margins, and each bore an anterior accessory sucker. An 
apical sucker on the myzorhynchus is reported for the first time. 

Discussion 

A comparison of P. delphini and M. grimaldii scolices indicates that they both 
should maintain separate generic status. Scolices of all P. delphini from this study 
were composed of four folded bothridia, each with an anterior accessory sucker 
and a fifth (apical) sucker on the myzorhynchus. The four bothridia of A/. grimal- 
dii are oval and smooth, each bearing an anterior accessory sucker in addition to 
an apical sucker on a relatively large myzorhynchus. This is the first report of a 
fifth sucker. It is possible that this structure was overlooked by previous authors, 
as it had been in P. delphini. 

Neither Guiart (1935) nor Delyamure (1955) attempted to separate the larvae of 
P. delphini taxonomically by morphotype. For the purposes of this study their 
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Fig, 4. Comparison of mean diameter of accessory suckers of morphotype 4 from different hosl 
species. Dd = Delphinus delphis; Lb = Lissodelphis borealis ; Lo = Lagenorhynchus obliquidens\ 
Pd = Pbocoenoides dalli dalli. 


types were accepted as valid morphological variants. New types encountered 
were grouped according to gross morphological appearance during the initial 
phase of our investigation. Mean body measurements of worms of a given mor- 
photype, from a single host individual, or from a single host species were then 
compared with one another. Only when values for length of scolex and neck, 
width of bladder and diameter of accessory sucker were considered according to 
morphotype does a pattern emerge (Fig. 2). That is, for a given morphotype, body 
dimensions fell into a somewhat predictable range. This represents the possibility 
that each morphotype or group of related morphotypes may indeed represent 
separate species. 


Fig. 5. Longitudinal sections of Phyllobothrium delphini bladder wall: a. Section through normal 
bladder wall; b. Section of abnormal bladder wall of a cysl recovered from Delphinus delphis (normal 
histology is absent from all parts of the bladder); c. Section through abnormal bladder wall of a cyst 
recovered from Phocoenoides dalli dalli . Ab = abnormal outer layer; D = dense layer of dark staining 
cells; Eb = excretory tubules of bladder wall; F = fluid filled portion of bladder; Mu = muscle fibers; 
Pi = inner layer of loose bladder parenchyma; Po = outer layer of parenchyma with muscle fibers; 
arrow indicates clear outer layer. 
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Numbers of individuals of each morphotype are listed in Table 1 according to 
locality and host species. It is apparent that members of a type class can be found 
in different localities, host species and even different orders. There is also a 
variation in the distribution of morphotypes. Type 4 was the most commonly 
encountered larva in southern California, while Type 5 was most frequent in 
Africa. This, in all probability, reflects the distribution of adult worms. 

There is some indication of host influence on the larvae (Fig. 3). The number of 
cysts is too small to be able to draw any firm conclusions, but the suggestion is 
that at least different orders of marine mammals may play a role in determining the 
overall size of the cysts. Data shown in Fig. 4 supports this idea, showing differ- 
ences in accessory sucker diameter for a large number of worms of the same 
morphotype taken from different host species. Further evidence comes from the 
fact that, regardless of morphotype, the bladder walls of all larvae recovered from 
a particular host individual were histologically alike, whether normal (Fig. 5a) or 
not (Figs. 5b and 5c). Abnormal appearances could not be attributed to post- 
mortum degradation. 

Just how the marine mammal becomes infected with P. delphini is still a matter 
of conjecture. Skrjabin (1972) eliminated krill as the possible primary intermediate 
host, due to the fact that odontocete and baleen whales which had fed on fish were 
heavily infected, while those baleen whales which had fed on krill were rarely 
infected. He found that Phyllobothrium larvae from squids were digested in the 
whale’s stomach while Scolex pleuronectis larvae entered the mucous membranes 
of the gut. From this Skrjabin (1972) concluded that S. pleuronectis , taken with a 
fish meal, burrowed through the gut wall and entered the circulatory or lymphatic 
system. From there they settled in the blubber and through a series of transforma- 
tions came to look likeP. delphini . He and Euzet (1959) reported having seen all 
phases of this transformation, but Dollfus (1964b) did not. 

Partial argument against this idea is given by Skrjabin (1972) in his statement 
that dolphins of the Black Sea are not parasitized by P. delphini even though the 
local fish are infected with S. pleuronectis . 

The recent work of Hamilton and Byram (1974) provides additional insight into 
this problem. They induced in vitro transformation of a plerocercoid with quad- 
riloculate bothridia taken from the gastropod Fasciolaria tidipa to a larva with 
triloculate bothridia, one pair of bifurcated hooks, an accessory sucker and mus- 
cular pad. These changes placed the worm in the genus Acanthobothrium van 
Beneden, 1849. Their (Hamilton and Byram, 1974) figure of the untreated larval 
scolex is like that of Scolex polymorphus trilocularis illustrated by Dollfus (1964b, 
fig. 16). This raises the possibility that the Scolex larvae are onchobothriids as 
adults, introducing once again the problem of an elasmobranch cestode infecting 
marine mammals. 

If Skijabin’s (1972) observation that Phyllobothrium larvae in squid are di- 
gested in the whale’s stomach is typical, one would expect the same fate for those 
larvae in teleosts. There must then be another mode of infection, possibly through 
the procercoid taken with a fish or squid that had recently fed on an infected 
crustacean. If "activation” (i.e. stimulation of the larva to begin the next stage of 
development) of the procercoid in the fish or squid has taken place, the stimulus 
may be sufficient to allow development of the larva into a plerocercoid in the 
marine mammal. This idea is consistent with Skrjabin’s (1972) statement that the 
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Fig. 6. Phyllobothrium delphini in blubber of Delphi nits delphis. 


krill-eating baleen whales, which accidentally ingest an occasional fish, are only 
rarely infected with P . delphini. 

It appears possible that sharks become infected with P. delphini by eating the 
flesh of marine mammals, since these larvae are such common parasites of the 
blubber (Fig. 6). Southwell and Walker (1936) note that “cysticerci found in seals 
are capable of retaining their viability for at least 1 1 days after death of the host." 
During the present study, larvae in the blubber were viable after being stored at 
4°C for one month. 

Shark attacks on cetaceans have been previously reported (Wood et al., 1970). 
Ridgway and Dailey (1972) show evidence of an attack on a common dolphin 
( Delphinus delphis) by a mako shark (Isurus oxyrhynchus , according to tooth 
pattern) that occurred along the southern California coast. The Greenland shark, 
Somniosus microcephcdus , is known to bite off the flesh of living whales (Johnston, 
1937, according to Williams, 1968). 

Additional work is underway using experimental infections and in vitro cultiva- 
tion to answer the remaining questions on the transmission, distribution and 
speciation of P. delphini. 
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